Summary.-The geographical distribution of mortality from mesothelioma of the pleura during the years 1968-78 in England and Wales has been studied using extracts from the death records held by the Office of Population Censuses THE ASSOCIATION between mesothelioma of the pleura and exposure to asbestos was first described by Wagner and his colleagues in 1960, based principally on their observations of the experience of, crocidolite miners in Cape Province, South Africa (Wagner et al., 1960) . Since then, because of the widespread use of asbestos, there has been considerable interest in the study of exposed groups. Also, because it seems clear that all cases of mesothelioma are not attributable to occupational exposure to asbestos (MacDonald A. D. (1980) found that 40 % of male cases were attributable) the search for possible other causes has become important. Laboratory studies have shown that a wide range of substances (including fibres made of aluminium silicate and glass) can produce mesotheliomas in animals after intrapleural inoculation, if the shape of the fibres falls within a certain range (Wagner et al., 1973 (Wagner et al., , 1974. Evidence has been published from two villages in Turkey showing that pleural mesotheliomas in man may be related to zeolites (another fibrous mineral) in the soil (Baris et al., 1981). Recently, however, asbestos minerals have been found to be present in the areas also, both in environmental samples and in lung tissues (Rohl et al., 1982) .
mortality areas are mainly the major ports where shipbuilding and repairing have been concentrated, whereas in women areas where gas masks were manufactured are predominant. In both sexes there are also high death rates on the eastern side of London. Nearly all the areas of high mortality are known to have had a major asbestos-using industry in the past.
Over the 11-year period the annual number of deaths from pleural mesothelioma rose by -75%O This marked increase was virtually confined to men, in whom the number of deaths had reached almost 200 per annum by 1978. The indications are that the effect of past high exposures, in particular to amphibole asbestos, have not yet reached a peak in terms of mortality. On the other hand imports and usage of amphiboles, particularly crocidolite, have decreased rapidly since the mid-1960s, and dust levels in the working environment have improved even more radically.
THE ASSOCIATION between mesothelioma of the pleura and exposure to asbestos was first described by Wagner and his colleagues in 1960, based principally on their observations of the experience of, crocidolite miners in Cape Province, South Africa (Wagner et al., 1960) . Since then, because of the widespread use of asbestos, there has been considerable interest in the study of exposed groups. Also, because it seems clear that all cases of mesothelioma are not attributable to occupational exposure to asbestos (MacDonald A. D. (1980) found that 40 % of male cases were attributable) the search for possible other causes has become important. Laboratory studies have shown that a wide range of substances (including fibres made of aluminium silicate and glass) can produce mesotheliomas in animals after intrapleural inoculation, if the shape of the fibres falls within a certain range (Wagner et al., 1973 (Wagner et al., , 1974 . Evidence has been published from two villages in Turkey showing that pleural mesotheliomas in man may be related to zeolites (another fibrous mineral) in the soil (Baris et al., 1981) . Recently, however, asbestos minerals have been found to be present in the areas also, both in environmental samples and in lung tissues (Rohl et al., 1982) .
As part of an analysis of mortality by area in England and Wales over an extended period of time, it has been possible to look at deaths from mesothelioma of the pleura in individual Local Authority areas. This paper presents results of this investigation, and relates pleural-mesothelioma death rates to areas of known high asbestos exposure to men and women in the relevant past. 163.0 (WHO, 1967) . A recent analysis of a sample of deaths coded to this rubric showed that some 90% of certificates in men and 70% in women mentioned mesothelioma of the pleura (OPCS, personal communication) . For convenience, mortality from ICD 163.0 is described as from mesothelioma of the pleura in the remainder of this paper. Before 1968, and before the 8th Revision of the ICD came into use, mesothelioma deaths were scattered among a variety of code numbers, and it has not been practicable to include them in the analysis. It had been our intention to examine mortality from mesothelioma of the peritoneum in a similar manner, but less than 20% of cancer deaths assigned to ICD 158.9 (malignant neoplasm of the peritoneum) were from mesothelial tumours. Most of the other deaths were certified as carcinomatosis.
For the purpose of this analysis, deaths occurring after the reorganization of administrative area boundaries in 1974 have been re-coded to the appropriate pre-1974 Local Authority areas. The populations by sex and age of the 1366 areas at the time of the 1971 census have been used to calculate standardized mortality ratios (SMRs) based on the age-sex specific death rates from pleural mesothelioma in England and Wales overall. The statistical significance of SMRs has been assessed using the standard test based on the Poisson distribution (Bailar & Ederer, 1964 Table I shows the numbers of deaths and death rates by sex and age. Only 123 (7 %) of the deaths were in persons under the age of 45, and of these 87 (71 %) were aged 35 or over. The age-specific death rates are considerably higher in men, by a factor of 2-5, age-for-age, than in women. The rates rise with age in both sexes up to age 75.
The secular trend of deaths from pleural mesothelioma during 1968-78 is shown in Table II . The overall annual number of deaths showed no particular trend in the first 6 years of the period, but since 1973 there has been a steady rise. The major increase in the number of deaths is almost entirely confined to men, in whom the number of annual deaths registered with pleural mesothelioma as the underlying cause has almost doubled. More details of the age and time trends are shown in Table III , amalgamating the calendar years into 3 broad periods to avoid having death rates based on very small numbers. It is clear that the relationships between mortality and age shown in Table I , hold substantially for each period. Also, the relationships between mortality and time shown for all ages combined, in Table II 1977) . Table IV gives details of the mortality from mesothelioma of the pleura for the Local Authority areas shown in Figs 1 & 2. In parts (a) and (b), areas are ranked from high to low on the basis of the SMR for men and women respectively. The absolute excess of deaths over the expected number is also shown. It is noticeable that the shipyard areas are predominant in the higher part of the Table for men, whereas for women the higher SMRs are in the gas mask manufacturing areas. For both sexes the boroughs in London have relatively low rates. The last column of Table IV TABLE IV indicates any information we have of major industrial exposure to asbestos in the past for each of the areas. There is only one area for which at present we have no information suggesting heavy exposure to asbestos in the past: Canvey Island. It should be said, of course, that in this study we have no evidence to directly link any of the reported irpesothelioma deaths to working in the industries listed. Our connections are based solely on the results of more direct studies of particular industries reported in the literature-for references, see Acheson and Gardner (1979) .
DISCUSSION
During the 11 years 1968-78, -170 deaths annually were registered to an underlying cause which was classified on the death certificate to the ICD code number 163.0. Due to the vagaries of diagnosis, registration and coding practice, deaths ascribed to this code will not include all of the deaths from mesothelioma of the pleura. Also, as we have already mentioned, all deaths with this code will not be from mesothelioma, but will contain other malignant neoplasms of the pleura. However, the latter contribute only a small fraction (-15%) of the total, and most of the pleural mesotheliomas will be included.
A comparison with the mesothelioma register compiled by the Employment Medical Advisory Service for these 11 years confirms this view (Health and Safety Statistics, 1977; Health and Safety Executive, personal communication). A total of 1672 pleural mesotheliomas was registered during this period, which is some 10% lower than the number of deaths (1860) ascribed to ICD 163.0. The time trend in the registered cases is also similar, with a steady rise from 124 cases in 1972 to 248 in 1978.
The higher rates in men than in women presumably reflect the greater exposure of men in the past to asbestos in their workplace, in particular in the shipyards. Not only are the rates among persons old enough to have been exposed at the very dusty conditions of the past more than 3-fold higher in men, but the number of areas shown in Fig. 1 for men is more than double that for women.
The time trend in mortality from pleural mesothelioma in men may have more than one component. Increasing awareness of the condition as an industrial disease, largely affecting men, may contribute. However, bearing in mind the long latent period between first exposure and death, the trends of asbestos use in this country and the relatively poor working conditions of earlier years, make it not unlikely that the numbers of deaths will continue to increase (Acheson & Gardner, 1979) . The fact that the agespecific death rates do not show a rise with age over the age of 75 might indicate that the maximal effect of past exposure has not yet passed through the age groups, and also suggest that increases are still to come, as is further indicated by the results in Table III . Newhouse and Berry (1976) have predicted that the number of mesothelioma deaths among persons who worked in a factory in Barking will reach a peak during the 1980s, although this factory stopped using crocidolite in the late 1950s and closed down altogether in 1968 (Newhouse & Berry, 1976) .
The maps in Fig. 1 resemble two earlier versions (Wagner et al., 1971; Greenberg & Lloyd Davies, 1974) , though in neither of these reports were the results shown in the detail of this paper, nor did the authors separate men and women. The former was based on 622 mesotheliomas registered from 1962 to 1969 and indicated the concentration of cases in ports and cities where asbestos had been handled in large amounts in the past. Greenberg and Lloyd Davies's map was based on 413 notifications of mesothelioma to the register maintained by the Employment Medical Advisory Service during 1967-68. It showed a similar national pattern, but was based only on large regional areas rather than small localities.
The association of mesothelioma with men working in shipyards is well documented (Elmes & Wade, 1965; Rossiter & Coles, 1980) as is that of women who were involved in the manufacture of gas masks before and during World War II (Jones et al., 1976; Morgan & Holmes, 1982) . With regard to the East London cluster a large number of mesothelioma deaths have been reported-46 in men and 21 in women-from the abovementioned factory at Barking which used asbestos in the production of textiles and insulation materials (Newhouse & Berry, 1979) . Barking is the central focus of the boroughs shown in Fig. 2 , and is easily accessible for employment purposes from the other boroughs by bus and train. However, there were also other asbestos factories in the area, both south and north of the river, manufacturing various products containing asbestos. Deaths from pleural mesothelioma are also known to have occurred among men and women working in an asbestos textile factory in Rochdale (Peto et al., 1977) . In Leeds, textiles incorporating asbestos are known to have been produced, and crocidolite asbestos was used in the insulation of railway carriages and locomotives, through both a spray process and asbestos-containing mattresses.
It appears that most, if not all, of the areas marked in Fig. 1 were involved, in one industry or another, in major use of asbestos. Of the remaining Local Authority areas not shown on the maps, many that were adjacent to those indicated had raised pleural-mesothelioma death rates, though not to the extent to satisfy our statistical criteria. For example, among men in Chatham (the site of a naval dockyard) there were 4 observed deaths compared to 1-3 expected and in Rochester the corresponding figures were 4 and 1P5; these are both near Gillingham which is included in Fig. 1 and Table IV . Some areas, however, where factories using asbestos were sited and where mesotheliomas among the workforce are known to have occurred, such as Chapel-en-le-Frith and Hebden Bridge (Health & Safety Executive, 1977) do not appear on the maps. These omissions could be due to a number of factors-for example, those already mentioned which relate to certification of the underlying cause of death, together with the place of residence being in a neighbouring area or migration away from the locality after ceasing employment. These effects all dilute the power of this type of indirect study to detect foci of disease but clearly do not destroy it. There is on the other hand no suggestion of Local Authority areas with high rates geographically remote from those shown, which may have pointed to another possible cause.
Overall, therefore, the results presented in this paper would support the view that a high percentage of deaths from mesothelioma of the pleura is associated with high levels of asbestos exposure in the past. Although it is not possible to distinguish in these data between the relative effects of crocidolite, amosite and chrysotile, the prominence of areas where naval and other shipbuilding was carried out and where respirators were assembled, is consistent with other evidence which suggests that amphiboles are more important than chrysotile in the causation of pleural mesothelioma in men (McDonald, J. C., 1980) .
